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Geminin regulates multi-lineage commitment in the Xenopus
early embryo in a Polycomb-dependent manner
Jong-Won Lim, Kristen L. Kroll
Dept. of Dev. Biol., Washington Univ. in St. Louis, St. Louis, MO, USA
The transition from pluripotency to multi-lineage commitment
must be under tight spatial and temporal regulation to generate a
properly patterned embryo. However, the molecular regulation of this
process is not well characterized in vivo. Here, we demonstrated that
the small nuclear protein Geminin is required to maintain the
pluripotent state, promote the formation of immature neural
ectoderm, and repress commitment to other embryonic lineages
(mesoderm, endoderm, and epidermis). We defined Gem-regulated
gene programs by microarray analysis and compared these to the
BMP-antagonist Noggin. Geminin up-regulated genes were predomi-
nantly expressed in pluripotent early embryonic cells, whereas down-
regulated genes were associated with cellular commitment and
differentiation. Although both Geminin and Noggin repressed non-
neural ectoderm, Noggin promoted a mature neural gene expression
profile that was antagonized by Geminin. Geminin also antagonized
transcriptional responses to three major signaling pathways that
regulate fate commitment and embryonic patterning at the late
blastula–early gastrula stages, Activin/Nodal, FGF, and BMP. Although
similar to Xenopus Oct4 ortholog, Sox2, and SIP1 transcription factor
activities, Geminin's effects were functionally independent, instead
requiring intact Polycomb epigenetic repressor activity to block
mesoderm and endoderm formations. Congruent with this, Gem
enhanced Polycomb binding and Polycomb-dependent H3K27me3
modification, while antagonizing chromatin modifications associated
with gene activation at mesodermal genes.
doi:10.1016/j.ydbio.2010.05.304
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Otocyst-derived factor (ODF) is secreted from the otic crest region
of the otocyst for a limited time in early development and promotes
both directional neurite outgrowth and survival of statoacoustic
ganglion (SAG) neurons. Two of the cytokines in ODF are macrophage
migration inhibitory factor (MIF) and monocyte chemoattractant
protein 1 (MCP1). As the epithelium matures, supporting cells (SCs)
produce MIF and hair cells (HCs) produce MCP1. Receptors for both
cytokines (CD74 and CCR2, respectively) are expressed on SAG
neuroblasts and neurons and on adult spiral ganglion neurons. MIF
induces neurite outgrowth from explanted SAG and supports survival
of dissociated SAG neurons: MCP1 alone does not. MIF also affects cell
fate specification. MIF−/−mice lack large numbers of inner and outer
HCs in the basal cochlea. We hypothesize that many, if not all, of these
effects depend on MIF binding to a highly conserved effector protein,
Jun activation domain-binding protein 1 (Jab1), also found in ODF.
Molecules downstream of Jab1 are critical for inner ear development.
p27kip1 and Id3, an up-stream regulator of Atoh1, are critical in HC
specification. Hand2 is essential for the development of neural crest
derived inner ear cell lineages and Pou3f2 is critical for the
specification of many inner ear cell lineages. We are investigating if
Mif activation of Jab1 signaling plays a major role in otic development,
specifically in neurite outgrowth and survival of the SAG neurons as
well as HC/SC cell fate specification in the zebrafish inner ear.
doi:10.1016/j.ydbio.2010.05.305
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Calcium channel antagonists and neurotransmitter
phenotype specification
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Voltage-gated calcium channels (VGCCs) play a major role in
regulating changes in intracellular calcium concentrations, which, in
turn, have been linked to many aspects of neural development such as
neurite outgrowth, neural induction, and neurotransmitter phenotype
specification. Previous studies have shown that eight of the ten known
alpha1subunits, the major pore-forming subunits of VGCCs, display
unique expression and co-localization patterns in the nervous system
of the Xenopus laevis embryo during development. Given the
recognized role of calcium in neurotransmitter fate specification, and
given that the VGCCs are expressed at the appropriate time and place
to influence neurotransmitter phenotype specification, we exposed X.
laevis embryos to different pharmacological agents known to block the
function of calcium channels. Even at high concentrations these drugs
hadno effect on overall embryo health or neural patterning, suggesting
that the embryos maintain a considerable resistance to the absorption
of large exogenous compounds. This resistance is being circumvented
in ongoing studies by injection of calcium channel antagonists and by
employing morpholino and RNAi technologies.
doi:10.1016/j.ydbio.2010.05.307
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The lateral line (LL) is an attractive model for studying a series of
biological processes as cell migration and axonal targeting, neurogen-
esis, proliferation and cell differentiation. This system develops from a
migrating primordium that sequentially deposits sensory organs
named neuromasts at regular intervals. Each neuromast is comprised
of 2 types of accessory cells, and a central core of mechanosensory hair
cells that are very similar to those of the inner ear. Since development
of the LL occurs on the surface of the embryo, as opposed to the ear, and
in a short period of time, the study of this system offers an excellent
opportunity for a detailed analysis of differentiation of hair cells. To
identify genes involved in this process, we conducted a systematic
mutagenic screen. We identified 6 mutations revealing defects in LL
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